Abstract. The progress of bean petiole abscission has been followed using quantitative measurements of the mechanical force required to break explants at the separation zone. It is found that the shortest time for a measurable effect of ethylene (1 ppm) in stimulating the development of frangibility is about 1 hr. Removal of the ethylene is followed by a return to the endogenous rate of weakening, the slower rate being established in I hr. Application of the inhibitor cycloheximide leads to a cessation of abscission development within one-half hr. As in the stimulations of certain plant processes with auxins, gibberellins, and cyt6kinins. ethylene stimulation of abscission requires the continuous presence of the regulator.
QuanititaLtive elffects of various chemicals on abscission were first made possible through the use of petiole explants-excised sections containing the albscission zone (6) . The conventional explant technique permits measurements of the time required for completion of the abscission processes. We have developed a modification of the explant technique which permits measurements of the time course of abscission development before the visible completion of separation, and employed it in studying the kinetics of ethylene regtulation of abscission.
Measurements of the breaking force needed to rupture the abscission zone were first employed by Morre (13) , who placed explants in a stress gauge and measured their tensile strenigth. We have employed a rougher and simpler method (10), using living explants pressed against a pan balance to measure the force needed to bring about breakage at the abscission zone.
In the present study, we are interested in learning about the time required for the onset of ethylene stimulation of abscission processes, and likewise the time over which the stimulus persists after removal of the ethylene.
Materials and Methods
About 250 bean seeds (Phaseolus vulgaris L. var. Red Kidney) were planted in Vermiculite in wooden flats (14 X Our experienice has shown that if tl withstand forces above .50 grams. it xvi than break at the abscission zone. ' force measurement is therefore not efi plants that are less than 24 hr from other conditions in which early stages are prevented. This test is also in explants taken from senescing bean lea petiole has become extensively softene( tant factor is the selection of explani diameter. For any given age of explh sion breakin,g was found to be correl petiole diaimieter (see also 13) .
Results
The progressive decline of the absci force for untreated explants is showr The first measureable breaking forc grams) is generally observed about cutting the explanit. cutting, and the lessened rate of softening w-as apparently instated at about 1 hr followring evacuation.
The effectiveness of cycloheximide in poisoning the ethylene stimulation of abscission has been reported by Abeles and Holm (3) and by Morre (13) .
Experiments were carried out to compare the kinetics of cycloheximide poisoning with the effects of removal of the ethylene stimulus. For this purpose ethylene was introduced over a series of dishes of explants at 18 hr after cutting, and the progress of softening was followed as shown in figure 4 . A group of dishes was evacuated to remoove the ethylene Using a method which can follow the progressive development of abscission, we have examiiined some kinetic featuires of ethylene stimulation,s and the persistence of such stimulations after the removal of the ethylene. Measuirements of the rate of change of the breaking force after ethylene exposure indicate that 1 to 2 and one-half hrs are needed for the translation of an ethylene signal into a perceptible decline in the abscission breaking force. The experiment was repeated 5 times, and an average time of 1.3 hr for the commencement of ethylene response was obtained. Estimation of the persistence of the ethylene stimulus after removal of the gas by evacuation was repeated 9 times, giving an average time of 1.0 hr for the disappearance of the ethylene acceleration. Four experiments with cycloheximide gave 'an average of 0.25 hr for the onset of the inhibition of softening.
As mentioned earlier, ethylene treatmenit brings about a precipitous fall in the abscission breaking force, and evacuation of the ethylene restores the rate to that of the explants not treated with ethylene. From figure 4 it appears that cycloheximide not onlly inhibited the ethvlene action, butt also inhibited the endogenous softening.
It has been generally assunmed that the endogenous rate of abscission development is determined bv the endogenous ethylene production by the explant tissue (1, 2. 5,8) . ' We were sturprised, therefore, to find that evacuation of control explants did not eliminate the endogenous progress of abscission. It is possible that the evacuation treatment did not reduce the internal ethylene concentration over a time period long enough to stop the progress of abscission.
WVith the development of abscission in bean explants, there is a decline in the protein content of the pulvinus (4, 1/7). The time curve for the protein degradation is strikinglv similar to that of the breaking force as shown in figure 1-that Literature Cited
